The effect of intermittent positive airway pressure to the non-ventilated lung was assessed in 10 patients who desaturated during one-lung ventilation. Once their saturation fell below 95% they were given a slow inflation of 2 l/min of oxygen into the non-ventilated lung for two seconds. This was repeated every 10 seconds for five minutes or until the saturation rose to 98%, whichever was sooner. The initial mean SpO 2 was 89.3%±4.2%. All 10 patients had an increase in saturation. The mean saturation following intermittent positive airway pressure was 96.5%±1.6% (P <0.0001) . Similarly, the mean oxygen tension rose from 67.2±12.8 mmHg to 98.9±19.8 mmHg. Intermittent positive airway pressure should be considered for patients who desaturate while undergoing one-lung ventilation.
Desaturation is a common event during onelung ventilation during anaesthesia. Several studies report an incidence of 10% of patients below 90% saturation. If a higher point of desaturation such as 95% is used, the incidence may be as high as 30%.
Many studies have examined techniques to reduce desaturation. Saturation improves with continuous positive airway pressure in the non-ventilated lung, but may make surgery more difficult 1 . The addition of 5 cmH 2 O positive end-expiratory pressure, particularly on initiating one-lung ventilation, may also assist in improving oxygenation 2 , but this has not always been successful 3, 4 .
The problem of desaturation during anaesthesia with one-lung ventilation is caused by continued blood flow through the non-ventilated lung 5 . Although hypoxic vasoconstriction will reduce the flow, this effect is variable and may be insufficient in some patients. Lung collapse also reduces flow but noncollapsed alveoli will tend to have a lower vascular resistance and thus a continual blood flow.
The oxygen deficit is quite modest when desaturation is caused by a shunt. For example, if an adult patient with a normal cardiac output of 5 l/min and a normal haemoglobin of 150 g/l (i.e. an oxygen carrying capacity of about 200 ml/l) has an arterial saturation of 80% during one-lung ventilation, the deficit is 200 ml/min of oxygen. Ensuring a small flow of oxygen into the nonventilated lung can correct the desaturation. The benefit of this technique was reported as an incidental finding in 1976 by Armstrong et al 6 , but does not appear to have been followed up.
METHODS
Patients scheduled for thoracotomy gave consent for application of intermittent positive airway pressure with 100% oxygen if they desaturated to below 95% during one-lung ventilation. The study had the approval of the Ethics Committee of the Royal Adelaide Hospital. Consenting patients who did not desaturate to below 95% were not included in the study.
All patients were intubated with a left doublelumen tube. The selected tube size allowed a good margin of safety in the bronchus as confirmed by chest X-ray. When a patient on one-lung ventilation desaturated, a Pall BB25 Ultipor filter was attached to the 15 mm connection to the non-ventilated lung. Tubing from a wall oxygen flowmeter was connected to the gas sampling inlet and the flow set at 2 l/min (33 ml/s). The open connection of the filter was then occluded for two seconds, which inflated 66 ml of oxygen into the non-ventilated lung. The connection was then opened for eight seconds. This pattern gave a cycle time of 10 seconds and inflated the lung with 66 ml of oxygen, six times per minute to give a total of 398 ml of oxygen per minute ( Figure 1 
DISCUSSION
The variety of techniques to maintain oxygenation during anaesthesia with one-lung ventilation is a testimony to the difficulty of achieving satisfactory oxygenation in all patients. It is true that most patients will maintain good oxygenation, but also
The inflation/deflation sequence was continued for five minutes (30 cycles) or until the saturation rose to 98%, whichever was less. This technique has been designated intermittent positive airway pressure (IPAP).
An arterial blood gas sample was taken immediately before and after the treatment.
Immediately after the sequence, the surgeon was asked if he had noticed the lung moving, and if "yes", whether the movement had interfered with the surgery.
RESUlTS
Twenty-six patients consented to the treatment but only 10 patients showed a desaturation below 95%. The initial mean HbO 2 saturation was 89.3%±4.2% and after IPAP rose to a mean of 96.5%±1.6%. The difference is statistically significant by paired t (t=7.56 9DF, P <0.0001 two tailed). The individual results are shown in Figure 2 .
Similarly the initial mean P a O 2 was 67.2±12.8 mmHg and rose to 98.9±19.8 mmHg after the IPAP. The difference is statistically significant by paired t (t=6.55 9DF, P=0.0001 two tailed). The individual results are shown in Figure 3 .
In six patients the surgeon stated they could see the lung move but in none of these cases did the movement interfere with the surgery. true that some patients will desaturate in spite of continuous positive airway pressure to the non-ventilated lung 7 . Continuous positive airway pressure may also impede surgical access. The alternative of positive end expiratory pressure to the ventilated lung also fails at times, although it may be more effective if used early 2 . The problem of managing desaturation during one-lung ventilation can be overcome if the oxygen saturation in the shunt through the non-ventilated lung can be raised. This, in essence, is the strategy of IPAP. Just delivering oxygen to the open arm of the double-lumen tube is not beneficial 8 but only a small amount of oxygen needs to be added to the shunted blood, generally about 400 ml/min and this can be easily achieved by six aliquots of about 70 ml. Inflation of this volume slowly over about two seconds is unlikely to disturb surgery on the lung but does improve oxygenation. As the technique uses a flow of oxygen supplied at 400 kPa, it is important that the inflation volume is kept small and that the supply pressure is never applied fully to the lung, otherwise the inflation pressure could cause a pneumothorax.
Usually the rise in oxygen saturation occurs over about two to three minutes, i.e. about 12 to 20 inflations, and then stabilises. In about half the patients given IPAP, desaturation recurs after 10 or so minutes, but oxygenation can easily be restored by another session of IPAP. The selection of 2 l/min of oxygen for two seconds is arbitrary. With this current technique the quantity of oxygen per minute is twice that needed to correct the shunt. Further study may show a lower flow for a longer occlusion time or a higher flow for a shorter occlusion time may be superior. However, it is important to use only a small inflation volume infrequently so as to avoid any interruption to the surgery.
In some patients after one or two applications of IPAP, the saturation remains high and no further IPAP is required. One possible explanation for this is that the IPAP has ventilated the alveoli still expanded by air and removed the nitrogen, having replaced the alveolar air with oxygen, so the capillaries can now absorb the alveolar gas and completely collapse the alveoli. With the alveolar collapse, there is a higher vascular resistance and a reduction in shunt flow which maintains the improved arterial oxygen saturation. Although hypoxic vasocontriction has been shown to be the major influence to reduce desaturation in the dog lung 9 , it remains possible that increased flow resistance plays a more significant role in humans and particularly in diseased lungs.
